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ABSTRACT  One  day  after  feedinij  on  a  viremtc  iiimise,  tropical  rat  mites.  Ornifhorii/s.vn' 
hacoti  (Hirst),  transniitted  Langat  i tick-home  encephalitis  virus  complex)  virus  to  ,i  naisc 
suckling  mouse  in  one  of  four  trials.  However,  no  transmissions  to  naive  mice  by  O.  hacuti 
were  recorded  either  immediately  after  the  viremic  blood  meal  lO/  t  trials)  or  on  days  d-lft 
(0/20  trials),  .^fter  feeding  on  a  vireniic  mouse,  ciiicken  mites,  Di  nn/itiiissm  iiultiiiae  iDe 
Geer),  failed  to  transmit  Langat  virus  to  naive  suckling  mice  in  anv  trials  (0/2-t).  .Mthoiigh 
virus  failed  to  replicate  in  either  species  of  mite,  it  was  detectable  in  20%  rZ  11)1  of  (). 
hacoti  individuals  1  d  after  a  viremic  blood  meal,  but  onlv  immediately  alter  the  viremtc 
blood  meal  in  20%  (2710)  of  D.  fiallinae  mites.  Neither  mite  appears  to  be  an  efficient  vector 
of  Langat  virus, 
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Langat  (LGT)  virus  is  a  member  of  the  tick- 
borne  encephalitis  (TBE)  virus  complex  (genus 
Flavivims,  family  Flaviviridae).  Infections  in 
healthy  persons  may  cause  fever,  but  in  leuke¬ 
mic  patients  this  virus  can  produce  encephalitis 
(Webb  et  al.  1966,  Begum  1969).  LGT  virus  has 
been  isolated  from  three  species  of  ixodid  ticks; 
Haemaphysalis  papuana  Thorell  in  Thailand, 
Ixodes  granulatus  Supino  in  Malaysia,  and  Ix¬ 
odes  persulcatus  Schulze  in  central  Siberia 
(Smith  1956,  Bancroft  et  al,  1976,  Karabatsos 
1985).  This  virus  has  also  been  isolated  from 
Malaysian  forest  rats,  which  may  serve  as  re.ser- 
voir  hosts  (Smith  1956,  Karabatsos  1985).  Trans¬ 
mission  of  LGT  virus  by  tick  bite  has  been  dem¬ 
onstrated  experimentally  for  Ixodes  ricinus  (L.) 
and  Haemaphysalis  spinigera  Neumann,  and 
replication  and  transstadial  transmission  of  the 
virus  has  been  demonstrated  in  Dermacentor 
marginatus  (Sulzer)  (Varma  &  Smith  1962,  Kara¬ 
batsos  1985). 


In  conducting  the  research  described  m  this  report,  the  in¬ 
vestigators  adhered  to  the  'Guide  for  the  Care  and  Use  of 
laboratory  Animals,"  as  promulgated  by  the  Committee  on 
Care  and  Use  of  Laboratory  Animals  of  the  Institute  of  Labo¬ 
ratory  Animal  Resources,  National  Research  Council.  The  fa¬ 
cilities  are  fully  accredited  by  the  American  Association  for 
Accreditation  of  Laboratory  Animal  Care.  The  views  of  the 
authors  do  not  purport  to  reflect  the  positions  of  the  Depart¬ 
ment  of  the  Army  or  the  Department  of  Defense. 

^  Current  address:  Institute  of  Arthropodology  and  Parasitoi- 
ogy,  Landrum  Box  8056,  Georgia  Southern  University,  States¬ 
boro,  GA  30460. 


.\o  isolation.s  of  LGT  viru.s  have  been  reported 
from  blood-feeding  mites.  However,  the  anti- 
genically  similar  TBE  (tick-borne  encephalitis) 
virus  has  l)een  isolated  from  hematophagous 
inesostigmatid  mites  in  nature  and  h.as  also  been 
shown  to  persist  in  experimentally  infected 
mites  for  up  to  63  d  (Naumov  6c  Gutova  1984, 
Kocianova  &  Kozuch  1988).  Theretbre,  the  po¬ 
tential  for  two  species  of  widely  distributed 
hematophagous  mesostigmatid  mites  to  trans¬ 
mit  LGT  virus  from  viremic  to  naive  suckling 
mice  was  investigated  under  laboratory  condi¬ 
tions. 

Separate,  virus-free  laboratory'  colonies  of  the 
tropical  rat  mite,  Ornithonyssus  hacoti  (Hirst), 
and  the  chicken  mite,  Dermanyssus  gallinae 
(De  Geer),  were  maintained  as  described  previ¬ 
ously  (Durden  (k  Linthicum  1992,  Durden  et  al. 
1992).  One-day-old  suckling  mouse  (Harian- 
Sprague  ICR  strain)  littermates  were  inoculated 
intraperitoneally  with  10^  ^  plaque-forming  units 
(PFU)  of  the  TP  21  strain  of  LGT  virus.  This 
strain,  obtained  from  the  Yale  Arbovinis  Re¬ 
search  Unit,  was  originally  isolated  from  /.  gran¬ 
ulatus  collected  in  the  Ulu  Langat  Forest  re¬ 
serve,  Malaysia,  in  1955' (Smith  1956)  and  had 
been  passaged  eight  times  in  suckling  mice  and 
three  times  in  Vero  cells  before  use  in  these 
experiments.  Three  days  after  inoculation,  eight 
of  the  LGT-inocuIated  mice  were  removed  and 
each  was  placed  into  a  separate  mite-proof  con¬ 
tainer.  Sixty  unfed,  uninfected,  female  O.  hacoti 
were  allowed  to  feed  on  each  of  four  of  these 
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mice,  while  60  unfed,  uninfected,  female  D.  nal- 
linae  were  allowed  to  feed  on  each  of  the  re¬ 
maining  four  mice.  .Mites  were  allowed  to  feed 
for  2  h,  at  which  time  each  mouse  wa.s  anesthe¬ 
tized  with  C0.2  and  blood  iO.l  ml)  wa.s  collected 
by  cardiac  puncture.  Blood  was  mi.ved  1:10  in 
diluent  (10%  fetal  bovine  serum  in  Medium  199 
with  Hanks'  salts  and  antibiotics)  and  frozen 
at  -TO'C.  Immediately  after  mites  had  fed  on 
the  viremic  mouse  and  on  days  1,  4,  8,  12.  and 
18,  8-10  of  the  virus-exposed  mites  of  each 
species  were  allowed  to  feed  for  2  h  on  a  naive 
suckling  mouse  (one  mouse  per  trial  for  each 
species  of  mite).  These  suckliiu;  mice  were  then 
returned  to  the  dam  and  monitored  daily  over  the 
next  21  d  for  signs  of  viral  infection.  Moribund 
mice  were  killed  with  CO.,,  blood  and  brain 
samples  were  collected,  and  tissue  suspensions 
were  prepared  by  mixing  l.TO  in  diluent  and 
then  frozen  at  -70°C.  After  21  d.  surviving  test 
mice  were  anesthetized  with  CO^  and  ().i>-l  ml 
of  blood  was  collected  by  cardiac  puncture. 
These  blood  samples  were  allowed  to  clot  at 
room  temperature  and  sera  were  removed  and 
tested  for  specific  IgG  antibody  to  LGT  virus 
by  using  an  enzyme-linked  immunosorbent 
assay  (ELISA).  Immediately  after  they  had  fed 
on  a  viremic  mouse  or  on  days  1.  4,  8,  12,  and  18. 
individual  mites  were  triturated  in  1  ml  of 
diluent  and  frozen  at  -70°C.  Blood,  brain,  and 
mite  samples  were  thawed  at  a  later  date,  clari¬ 
fied  by  centrifugation  at  1,000  x  g  for  10  min, 
and  tested  for  virus  by  plaque  assay  (Earley 
et  al.  1967)  on  confluent  monolayers  of  4-  to 
5-d-old  LLC-MKj  cells  (a  rhesus  monkey  kidney 
cell  line).  Blood  and  brain  samples  of  mori¬ 
bund  mice  were  also  tested  by  ELISA  for  LGT 
virus. 

Viremia  levels  in  the  eight  virus-inoculated 
suckling  mice  immediately  after  mite  feeding 
were  10^’*  to  10^'^  PFU  per  ml  of  blood.  Virus 
was  transmitted  by  O.  bacoti  to  a  naive  suckling 
mouse  in  one  of  four  trials  1  d  after  the  mites 
had  fed  on  a  viremic  suckling  mouse.  No  other 
transmissions  were  detected  (0/20  for  O.  bacoti, 
0/24  for  D.  gallinae).  The  single  transmission 
by  bacoti  was  evidenced  by  a  moribund  suck- 
lii  juse  4  d  after  virus-exposed  mites  had  fed 
ano  by  positive  plaque-assay  (10^  '^  PFU  per  ml 
of  brain  tissue)  and  ELISA  results.  One  addi¬ 
tional  suckling  mouse  that  was  fed  upon  by 
virus-exposed  O.  bacoti  became  moribund,  but 
brain  and  blood  samples  were  negative  for  virus 
(cause  of  morbidity  unknown).  Ail  21-d  sera  from 
surviving  mice  were  negative  for  specific  IgG 
antibody  to  LGT  virus  by  ELISA. 

Virus  was  detected  in  50%  (5/10)  (mean  posi¬ 
tive  titer  =  10*  ®  PFU  per  mite)  of  the  O.  bacoti 
sampled  immediately  after  they  had  fed  on  a 
viremic  mouse.  This  percentage  dropped  to  20% 
(2/10,  mean  positive  titer  =  10'  *  PFU  per  mite) 
after  1  d,  and  to  0%  (0/40)  after  4—18  d.  Compa¬ 


rable  data  tor  D.  ualliniu’  were  20%  (2/ 10.  inean 
positive  titer  =  I0‘  ~  PFU  per  mite)  immediafeh 
after  the  v  iremic  Irlood  meal  and  0%  iO/50!  after 

1-18  d. 

.Neither  (>.  bacoti  nor  D.  f’tillitiae  w.is  an  etli- 
cieiit  vector  oi  LGT  virus  in  out  transmisMou 
trials.  Tlie  tailure  ot  l.GT  vims  to  reiviicate  lu 
either  species  ot  mite  indicates  that  the  single 
transmission  liy  ().  bacoti  1  d  alter  the  vircmic 
meal  was  probably  mechanical  rather  than  [>io- 
logical.  These  data  suggest  that  hlood-leeding 
mites  are  probably  not  involved  in  the  natural 
tnmsmissien  c  v'’le  of  IXIT  v  inis. 

.Acknowledgments 

We  tliank  I  II  Oliver.  |i  tn'Drina  Soutlieni  t  in- 
veisin.  Statc-slrori).  U.Al  lor  provitinn:  cfiiclveii  mites 
lor  c'oloiiv  f't.ihli.slimeiil.  H.  Sliope  iV.iIe  .Ailjovinis 
Research  t  lilt.  New  H.iven.  LT)  .nici  L  l.icoiio- 
Cniinors  it  S.WtRllD,  Port  Detriek,  I'rederick,  MOi 
lor  providhu!  the  stock  oi  Lanuat  virus  used,  and 
(i.  Rossi  {L'S.WlRtlD)  lor  periomnrig  fc'.LlS.-A  tests. 
L.A.D.  was  supported  hy  a  .Senior  Research  Fel- 
lovvship  awarded  hv  the  .National  Research  Council. 
Wa.shington.  D{’. 


References  Cited 

Bancroft.  W.  H.,  R.  McN.  Scott.  R.  Snitbhan.  R.  E. 
Weaver.  Jr..  &  D.  J.  Gould.  1976.  Isolation  of 
Langat  virus  from  Haemaphysalii  papuana  Thoreil 
in  Thailand.  Am.  J.  Trop.  .Med.  Hyg.  25:  .5(X)-.504. 

Begum.  F.  1969.  Langat  virus.  Differentiation  of 
.strain,s  of  reduced  pathogenicity  suitable  for  vac¬ 
cines.  Am.  J.  Trop.  Med.  Hyg.  18:  1034-1041. 

Durden.  L.  A.  &  K.  J.  Linthicum.  1992.  Efficient 
laboratory  maintenance  of  blood-feeding  mesostig- 
matid  mites  (Acari).  J.  Med.  Entomol.  29:  .564-566. 

Durden.  L.  A..  K.  J.  Linthicum  &  M.  J.  Turell.  1992. 
Mechanical  transmission  ot  Venezuelan  ef|uine  en¬ 
cephalomyelitis  virus  liy  hematophagous  mites 
(Acari).  J.  Med.  Entomol.  29:  118-121. 

Earley,  E..  P.  H.  Peralta  &  K.  M.  Johnson.  1967.  A 
plaque  neutralization  method  for  arboviruses.  I^roe. 
Soc.  Exp.  Biol.  Med.  125;  741-747. 

Karabatsos.  N,  (ed.).  1985.  International  catalogue 

of  arboviruses  including  certain  other  viruses  of 
vertebrates,  3rd  ed.  American  Society  of  Tropical 
Medicine  and  Hygiene.  San  Antonio,  TX. 

Kocianova.  E.  &  O.  Kozuch.  1988.  A  contribution  to 
the  parasite  fauna  in  winter  nests  of  the  common 
mole  (Talpa  europaea  L.)  and  incidence  of  its  in¬ 
fection  with  tick-borne  encephalitis  vinis  iTBE) 
and  rickettsia  Coxiella  humetix.  Folia  F’arasitol. 
(Prague)  35:  175-180. 

Naumov,  R.  L.  &  P.  Gutova.  1984.  Experimental 
studies  on  the  participation  Cf  gamasoid  mites  and 
fleas  in  the  circulation  of  tick-borne  encephalitis  (A 
survey).  Parazitologiya  (Leningr.)  13:  1()6-115  (in 
Russian). 

Smith,  C.E.G,  1956.  A  virus  resembling  Russian 
spring-summer  encephalitis  vims  from  an  ixodid 
tick  in  Malaya.  Nature  (Lond.)  178:  581-582. 

Varma,  M.G.R.  &  C.E.G.  Smith.  1962.  Studies  of 
Langat  virus  (TP  21)  in  Haemaphysali.s  spininera 


Mdv  mn 


Dl’Hukn  *:  i..\.\(;Ar  \  nu  ,s  rK.\Ns\ns>J(>N  in  Mrn  s 


J 


NeiiniaiUK  pp  ]9T~-4(IO.  In  (I  Lihjkt>va 

oiiy  of  \iniNt’s  of  (fu*  fi(-k*f)om<*  cnfc-phalitis  tojji- 

plcv.  Pt(K  of  a  >>  jupoNiino,  ( ./<  <.  Inivlov.ik 

Acatlonix  of  SricrKi^s.  Biafislava.  Aiatfonm.  \\a\ 

York. 

Webb.  H.  K,.  C.  WolherleV'Mein,  Stnidi  d* 

D.  NtcMahoii,  iUbb.  l-t  uk.u*iioa  ami  nt  opi.i\tti 


pnK  <-ss«*s  {r<‘at!'ff  Lao^a!  ai»0  K’.  .isauur  K'orr>t 

\  iruN<-s  .1  $  iiriu  al  .uiWLifiofatorv  sfurK  of  2s 
.oapt'ot'-.  fii  Mc(i  }  i  J'jS -Joo 

Hf'4  tn  i  li  flit  i  f  '^rffittihir  m 

I'-Ii  (I  J  »  \i<t  t  tt\ln  t  C/'rJ 


DTIC  QUALITY  LNSPSCTED  1 


AooassioD  for 

...  J  1  iwr 

BTIS  GRA*1 

Pile  TAB 

Unanuoutii-'e;: 

Justlf  li-aLli.i 


By - 

PlStxlbut  Icm/ 


Avaaiabli-iiy 


ft — i. — 

-  - — 

Avail  and/or 

Oiat 

Speotal 

>_iU 


